some cultures a thin pellicle was present. The liquid remained clear." The action on litmus milk was variable. "Nine of the twenty strains studied caused a digestion of the milk casein with a resulting alkaline reaction but no coagulation. The digestion continued till the medium was of a blue transparent nature. No change occurred in eleven of the cultures." Glucose and in some cases fructose and mannose were fermented. As shown by the agglutination test, the strains were immunologically related. Thorp, Langham, Clark, and Doll (1943) described the organisms as grampositive, nonmotile, nonsporeforming rods which exhibited beaded staining characteristics and showed palisade groupings. None of six cultures formed indole or hydrogen sulfide and neither did they reduce nitrates. Five of the six cultures turned litmus milk alkaline. All cultures fermented glucose and fructose, whereas one of the cultures also fermented arabinose, dextrin, galactose, lactose, maltose, and xylose. One other culture also fermented xylose. None of the organisms attacked dulcitol, glycerol, inulin, inositol, mannitol, raffinose, salicin, sorbitol, sucrose, or trehalose. Coffin (1943) described C. renale as a gram-positive, medium-sized rod showing some evidence of pleomorphism and tending to form aggregations in palisadelike clusters. Coccoid forms developed on artificial media with loss of grampositive staining properties. Evidence of banding was noticed when the organisms were stained with methylene blue. On agar small, beaded, nonhemolytic colonies formed, which became tinged with yellow and dry with age. In bouillon a granular precipitate developed attended by clearing of the medium. A pellicle might or might not be formed. Litmus milk usually became alkaline in two to three days. Brooks and Hucker (1944) described in detail the morphological, chemical, and physiological characteristics of two cultures isolated from urine in cases of bovine pyelonephritis that were designated as Corynebacterium pseudodiphtheriticum. The properties compare closely with those of C. renale. Near the end of the paper they mention C. renale as being closely related to Corynebacterium pyogenes.
MATERIALS AND METHODS
The cultures were isolated by streaking blood agar plates with infected material from tissues or urine of cows with pyelonephritis. Any colonies that developed were "picked" and the organisms stained. Diphtheroids thus isolated were added to the stock collection and maintained on tryptose agar or blood agar. One culture (no. 7) was obtained from the Kentucky Experiment Station and two cultures (nos. 8 and 9) from the Veterinary Division of the University of Minnesota.
Except as mentioned, media were prepared and techniques followed as outlined in the Manual of Methods for Pure Culture Study of Bacteria (1936) . Films were stained with Gram's and Wright's stains. Measurements of the microorganisms were made with an eyepiece micrometer. Materials for making the film preparations were obtained from the following sources: tissues of kidneys and urinary bladders showing lesions of pyelonephritis and cystitis, urine sediment from infected cows, and 24-hour-, 48-hour-, and one-week-old cultures grown on blood agar and tryptose agar, and in beef extract broth. Regular beef extract broth was not suited to the requirements of all the cultures, so the amounts of peptone and beef extract were doubled. Tryptose agar (Difco) and tryptose agar plus 10 per cent defibrinated sheep blood were used to observe colony characteristics. The pH of all media, except fermentable media, was adjusted to approximately 7.5 with the aid of a Beckman pH meter. All cultures were incubated at 37 C. All media except litmus milk were sterilized by autoclaving at 15 pounds' pressure for 20 minutes. Motility in broth cultures was determined after 12 hours' incubation at 37 C. The production of hemolysin was checked by streaking the cultures on thin blood agar plates. Hydrogen sulfide production was determined by observing the blackening of lead acetate paper strips suspended over a medium containing Witte's peptone and beef heart infusion as the sources of sulfur-bearing amino acids. Indole production and nitrate reduction were noted after four days' incubation in suitable media. The ability of 10 per cent gelatin to solidify after inoculation and incubation was checked at regular intervals for two weeks by placing the tubes in the refrigerator for an hour. Starch hydrolysis was checked by growing the cultures on starch agar plates for one week and then flooding them with a 50 per cent alcoholic solution saturated with iodine. Litmus milk was prepared by adding powdered litmus to skim milk till a satisfactory color was obtained. Sterilization was performed by placing the tubed medium in flowing steam 30 minutes daily for four days. Observations of the inoculated litmus milk were made at intervals for two weeks.
Because some of the organisms did not grow very well in regular broth, two variations of broth media were used in the fermentation studies. The fermentable substances were added in amounts of 0.5 per cent, except in cases of the rarer ones in which 0.1 per cent was used. Sterilization of the media was performed by autoclaving after adding the substances, except in the cases of those complex compounds which may be broken down to simpler forms by heat. These were autoclaved in 2 per cent solution and added to the sterile tubed medium. Inoculations were made directly from agar slant cultures, and the tubes were incubated at 37 C for two weeks. Observations were made at 24-hour intervals for the first three days and at 48-hour intervals for the remaining time. Doubtful reactions were checked with the Beckman pH meter.
In the immunological study rabbits were inoculated intravenously with the diphtheroids to produce potent immune sera. Antigens for the plate agglutination test were prepared by suspending the organisms from a 24-hour tryptose agar slant culture in phenolated (0.5 per cent) physiological saline to make a dense suspension. The agglutination test was made by adding 0.05 ml of antigen to 0.05 ml of antiserum. The results were recorded after not more than five minutes in order to eliminate some of the nonspecific reactions which might occur later.
RESULTS

Morphological Characteristics
The diphtheroids in direct ifims from affected kidneys, bladders, and urine specimens were always gram-positive, as were those from young cultures (24 hours and less) in artificial media. As the cultures grew older (more than 24 hours) more 
Cultural and Biological Characteristics
In general the cultures were separated into two groups by their growth requirements-one group growing well on tryptose agar and the other group requiring the addition of blood for optimum growth. Within these groups there were again some dissimilarities. Some of the properties are given in table 1.
The rapidly growing, easily cultivated group fulfills the requirements for C. renale as given by Bergey (1939) . On tryptose agar incubated at 37 C for 24 hours there developed moist, punctiform, grayish-to creamy-white-colored colonies about 1 mm in diameter which microscopically appeared granular with slightly lacy edges. With age the colonies became much drier. The fine-growing, more fastidious group of diphtheroids produced, on blood agar in 24 hours at 37 C, dewdrop or streptococcuslike colonies which were about 0.3 to 0.5 mm in diameter. As the colonies grew older they became larger and whiter in appearance.
In nutrient broth the same two groups were observed. The fine, slow-growing cultures produced a rather granular sediment with not much clouding of the KM0 on November 4, 2017 by guest http://jb.asm.org/ Downloaded from liquid and no pellicle. The other more rapidly growing cultures produced much granular sediment with varying degrees of clouding of the medium, usually with the presence of a pellicle. Often the growth seemed to be around the side of the tube. There were many minor dissimilarities between the cultures.
A very few of the cultures caused hemolysis. The zones of hemolysis were not large, but there was a definite clear zone around the colonies on the blood agar plates. The production of hydrogen sulfide seemed to be confined mainly to the fine, slow-growing group of cultures, although a few of the other cultures also produced a small amount. Indole was not produced, starch was not hy- cultures. These 6 cultures were identified with those mentioned before as having-the fine, slowly progressing growth. None of the cultures fermented arabinose, dextrin, dulcitol, galactose, glycerol, inositol, inulin, lactose, maltose, mannitol, raffinose, salicin, sorbitol, sucrose, or trehalose.
Agglutination Reactions The agglutination reactions are recorded in table 2. The cultures seemed to fall, roughly, into two main groups. Again the 6 cultures mentioned above did not seem to be related to the others. Within the groups there were differences which seemed to indicate the presence of different serological strains or types. 
DISCUSSION
To one studying diphtheroids the variations met with are amazing and interesting. It might facetiously be stated that variation is their constant feature. This does not mean that there is dissociation of any one culture but rather that there are many species and strains which have not been adequately defined.
Consideration of the properties of cultures numbered 1 to 6 in the tables and also referred to as the fine, slow-growing type would place them in a group by themselves. They do not fit any description of diphtheroids given by Bergey (1939) . These cultures were isolated from cases of pyelonephritis, yet they are otherwise very different from typical C. renale, which has been incriminated as the causative agent in bovine pyelonephritis. The similarities of these cultures to C. renale are in habitat, staining characteristics, formation of acid in fructose and glucose (with minor exception), no indole production, no starch hydrolysis, no gelatin liquefaction, and the fact that litmus milkbecomes alkaline. The differences are that cultures 1 to 6 also produce acid from xylose, digest litmus milk more vigorougly, show a much greater tendency to produce hemolysis and hydrogen sulfide, have more curved pairs in films from blood agar cultures, grow more slowly, produce much smaller colonies on artificial media, and show little agglutination relationship to typical C. renale. In view of all these differences it does not seem possible to classify these cultures as C. renale.
The possibility that cultures 1 to 6 might be identical with C. pyogenes could be suggested but not substantiated because, even though they also ferment xylose, they do not ferment lactose and sucrose as does C. pyogenes. Also, cultures 1 to 6 do not form acid in litmus milk, and, as compared to C. pyogenes, do grow fairly well on artificial media.
The rest of the cultures (7 to 19) which were isolated from cases of pyelonephritis are relatively similar and fit very well the description given for C. renale in Bergey's Manual (1939) . The variation within this group is probably due to the fact that different strains, each having its own characteristics, make up the group. There are slight differences in growth and pigment formation. The colony color ranges from grayish white to a creamy white. There are no differences in the fermentation reactions, all cultures forming acid in fructose and glucose. In the agglutination reactions differences appear and the cultures are classified into different subgroups by slight variation in agglutination relationships.
It is difficult to make comparisons with some of the older work on diphtheroids which deal almost entirely with those of human origin. None of the organisms described in this paper would fit into Morse's (1912) Mellon (1917) described 34 diphtheroids not one of which was identical with the organisms isolated from pyelonephritis in cattle. Neither were the organisms from bovine pyelonephritis similar to any of the 61 diphtheroids described by Eberson (1918) unless one considers those organisms from human acne, nose, and eye which ferment glucose but not sucrose, maltose, mannitol, and dextrin. Andrewes et al. (1923) examined 79 diphtheroids and defined no group in which either C. renale or the other organism herein described would fit. Thomson and Thomson (1926) published an elaborate description of 72 diphtheroids.
One organism from chronic gonorrhea might be said to compare somewhat closely with the slow-growing type here described in that it grows slowly, and in that it ferments only glucose and not maltose, galactose, sucrose, lactose, mannitol, or dextrin; it differs widely, however, in cellular morphology.
Whenever any of these last-mentioned reviewers (Eberson, Andrewes et sented it seems likely that there arxe two distinct species of corynebacteria involved as etiological agents in infectious bovine pyelonephritis, although heretofore only one has been described.
